Background Obesity surgery is expanding, the quality of care is ever more important, and learning curve assessment should be established. A large registry cohort can show long-term effects on obesity and its comorbidities, complications, and long-term side effects of surgery, as well as changes in health-related quality of life (QoL). Sweden is ideally suited to the task of data collection and audit, with universal use of personal identification numbers, nation-wide registries permitting cross-matching to analyze causes of death, inhospital care, and health-related absenteeism. Method In 2004, the Scandinavian Obesity Surgery Registry (SOReg) was initiated and government financing secured. A project group created a national database covering all public as well as private hospitals. Data entry was to be made online, operative definitions of comorbidity were formed, and complication severity scored. Several forms of audit were devised. Results After pilot studies, the system has been running in its present form since 2007. Since 15 January 2013, SOReg covers all bariatric surgery centers in Sweden. The number of operations in the database exceeded 40,000 (March 2014), with a median follow-up of 2.94 years. Audit shows that >98 % of data are correct. All results are publicized annually on the Internet. Comments Using this systematic approach, it has been possible to cover >99 % of all bariatric surgery, cross-matching our data with nation-wide registries for in-hospital care, cause of death, and permitting regular nation-wide audit. Several scientific studies have used, or are using, what seems to be the most comprehensive database in obesity surgery.
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Background
Several factors speak in favor of establishing registries for obesity surgery. Obesity prevalence is rising, no effective nonoperative means of treatment have been identified, and surgeons new to the field are driven to increased operative activity. It seems prudent to establish an instrument that can identify the quality of care given. At the same time, data can be collected to find long-term effects on the underlying obesity and its comorbidities, any long-term side effects of surgery and, not least, changes in perceived health-related quality of life (QoL).
Sweden is ideally suited to this task, with central registries permitting cross-matching with nation-wide registries for inhospital care, causes of death, and health-related absenteeism. Furthermore, a country such as Sweden, with only one society for upper GI surgery (SFÖAK), can easily keep track of compliance with registration. Also, the different levels of hospitals are closely cooperating, and a national infrastructure for governmental economic support of national quality registers exists.
The strengths of a design encompassing an entire country are that cohort data are registered, rather than a sample, and that numbers can be accelerated quickly. The Swedish personal ID-number permits specific scientific studies to utilize already existing registry data on demographics.
The aim of the present paper is to describe the formation of such a registry for Sweden, SOReg, which seems to be the most comprehensive existing database of obesity surgery.
Process and Method
A motion to build a registry for obesity surgery was made to the Swedish Surgical Society, and the process was started in 2004. Financing was secured from a combination of the legal caregiver, the BSwedish Association of Local Authorities and Regions^(SKL), and from the government regulatory body, the BSwedish Board of Health and Welfare.Â n eight-member project group was put together, representing all geographic areas of Sweden. Once the registry was up and running, a steering committee was put in charge of overseeing its long-term goals, and a director responsible for day-to-day running. The steering committee members represent all levels of hospitals, university, regional, county, and private, as well as having representatives for the allied care professions.
The instructions were to create a national database covering all public as well as private hospitals. Patients are entered into the database either the operation is tax-financed or privately paid. The database design permits any separate research databases to be coupled to the basic data existing in the registry, covering demographics, comorbidity, outcome of surgery, and follow-up data. Furthermore, regular audit of the database was included and annual cross-matches with the major official registries.
As with all Swedish surgical registries, a QoL instrument had to be included to secure government financing. It was furthermore stated that annual reports had to be made and publicized on the Internet, with identifiable hospitals. These annual reports (in Swedish and in English) can be found at http://www.ucr.uu.se/soreg/index.php/arsrapporter.
In the choice between good compliance and thorough recording, the project group decided that a data input session per patient visit should take no more than 3 min and that data entry should be made online. An example of parameters recorded is given in Table 1 , and recorded details for a gastric bypass operation are shown in Table 2 .
For each variable, a standard range was determined and shown as explanatory text for the cell. Any attempt at entering data outside this range yields an error message. Affirmative action can override this function. Variables were divided into mandatory and optional/recommended variables. Great effort was put into making the registrations user-friendly and logical. Data entry cannot be concluded until all mandatory variables have been entered. This goes for baseline registration, as well as for the other time points. So, the completion rate for mandatory variables is 100 %. Optional variables are entered in 67 % of all cases (SEM 6.1; i.q. range 51.3-82.4).
A set of rules for the operative definitions of comorbidity was formed following consultation with the medical societies for diabetes, sleep apnea, etc. The principle was that comorbidity was recorded if it required continuous treatment. The year of onset of type 2 diabetes was noted; all other comorbidities were entered as they were present on the day of inclusion. Comorbidity is thus given in the registry as yes/no; specific values are kept in medical records. Laboratory values can be added at all time points. The standard, optional parameters are given in Table 1 . Any number of user-defined extra values can be added by an individual department for research or other purposes. They are then visible only for that department.
Complications were to be classified for etiology and scored for severity using the Clavien-Dindo system [1, 2] . The operating department is primarily responsible for data entry but can transfer the responsibility of follow-up data to another cooperating center after written notification.
Points in time for recording were chosen to be a baseline approximately 1 month before surgery and another at the day of surgery. It would then be possible to monitor any effects of preoperative optimizing. Operation data entry was made hierarchal; variables depend on type of procedure used. The time of the first database that recorded follow-up visit (6 weeks) was chosen to facilitate recordings of 30-day morbidity. Standard demographic data and blood chemistry are collected at these time points.
QoL Data At baseline and at 1, 2, and 5 years postoperatively, patients fill out two questionnaires on paper. These are the short form generic quality of life scale (SF-36) and the obesity problems scale (OP) [3] . Both of these scales have been widely used and are well validated in the Swedish language. The filled out forms are then transported to the central facility of the SOReg and entered into the database using a specifically programmed scanner.
Audit and the addition of supplementary data (if needed) occur at regular intervals in several different ways: All records are cross-matched to the registries kept by the Swedish board of Health and Welfare; The Swedish population registry, each An independent observer visits all departments involved with bariatric operations. Records are thoroughly gone through if they show values outside predetermined levels for duration of hospital care. Also, a random sample of patient medical records from the centerin question is examined for accuracy of recording.
As research projects, we presently match registry data also against The National Prescription Drug registry, to study consumption before and after surgery, and to theSocial insurance registry for data on employment status, absenteeism from work, levels of education, and annual income.
Results
Number of Patients in the SOReg Database Pilot studies were made in 2005 with only a few departments participating. After an initial phase in 2007-2010, all data were transferred to the Uppsala Clinical Research center (UCR) platform. Controls showed that no data were lost. The database is up and running in its present form on the UCR platform, with comprehensive nation-wide data, since 2007. The characteristics of patients that make up the SOReg cohort are given in Table 3 . Patients are informed about the registry, and they may decline to have their records included. However, virtually, no one does. Patients also have an option to withdraw their information from the registry, though to date, it has only occurred in five cases.
Operative activity in Sweden has risen dramatically ( Fig. 1 ) even though there is some leveling off during the last few years. With a present inclusion rate into SOReg of 99.1 %, the number of operations recorded in the database exceeded 40,000 in March 2014, making it the most comprehensive database in the field of obesity surgery. The cumulative rate of growth is illustrated in Fig. 2 .
Median follow-up time is 2.94 years, with at present 6834/43,424 (15.7 %) operated patients followed in the system for more than 5 years.
Data Entering Blood chemistry data are delivered on-line from the laboratory. Nurses take anthropometric data and collect the applicable questionnaires. Data inputting can be performed only by persons registered with the system; all participating surgeons and one or two nurses in each center have such accreditation. They are specifically trained for the task, in nation-wide courses once or twice a year.
Baseline registration is in most centers performed by the surgeon; operative data are entered on-line in the OR, with the surgeon still present. Postoperative data for patients with no aberrations from the expected postoperative course are in most centers entered by a nurse at the follow-up appointment, but for patients with a suspected or confirmed complication, data are entered by a surgeon. 
Waiting Lists and Regional Mobility
The fact that patients often try to avoid waiting lists by seeking care at several different hospitals made it desirable to include county of domicile as well as hospital; the former is achieved automatically by cross-matching with the population registry, the latter is also automatic and depends on the surgeon's log-in code to the registry. SOReg thus makes it possible to look for regional differences in tax-financed obesity surgery. By allowing only the hospital where surgery was performed to enter its data, it has been possible to preclude double registration. Crossmatching with official databases enables a comparison of the number of operations per 100,000 inhabitants and year (Supplementary data, Table S1 ). A more than 5-fold difference is noted between counties with high activity, and those with low.
No explanation can be found from population data on obesity for this difference.
It was found that 43 % of patients were operated elsewhere than at their county or regional hospital; the cost of the operation was tax-financed in 91.3 %, by insurance in 1.5 % and by the patient herself in 7.3 %. The distribution of operations for different types of caregivers is presented in Fig. 1 .
Hospital Category and Case Mix
The design of data catchment permits subanalyses of individual hospitals; numbers of the various procedures, operative time, and hospital time as well as complication rates are specified and are publicized annually with the hospitals named.
To permit a better understanding of the case mix, patients are scored for severity depending on the type and number of comorbidities. A full description of the method is given on the Web site, and the full tabular presentation (Supplementary data, Table S2 ) is taken from the most recent annual report. In summary, all units in Sweden are ranked for the proportion of patients they operate with the risk factors high age, high BMI, high waist circumference, male sex, presence of comorbidity, and previous gastric surgery. The quartile scoring highest in each category is given 4 points, and the lowest quartile is given 1 point. The maximum score possible is thus 24 points, and the lowest 6 points. In our annual report, we also included the standard DeMaria score. The correlation between these two methods is very strong (r =0.89; p = 0.000), a fact that is illustrated in part 1 of the 2013 SOReg annual report. CumulaƟve number of paƟents in registry Fig. 2 The growth of the SOReg database (96.7 %). Complete audits were performed in 980 patient records; the accuracy was found to be 96.7-98.6 % between hospitals for baseline data entry, and data for the different FU points were accurate in 98.6-100 %. Data that had been entered as falling outside the expected range was in 90 % due to manual errors, and the appropriate changes could be instituted to the accepted value ranges in the database. A value outside a predetermined range now calls for affirmative action before entry is allowed.
Data Ownership and Research Projects
Any individual department is the owner of its own data, which can at any time be downloaded from the database server, and used for quality control, local research projects, or any other initiative. These reports include a full personal identification number.
A number of standard reports can be viewed on screen or downloaded. They include complications and development with time for any variable in the database. National averages are always given as comparison. These standard reports are aggregate data, and no individual can be identified. Reports can be used for local quality control and are frequently downloaded. Such reports have been downloaded on average 1287 times per year, corresponding to about 30 times for each participating department.
Any group wishing to use data from the entire registry can apply if they have approval from one of the six ethics committees of Sweden. The steering committee then decides whether or not the project is compatible with Swedish legislation, and not severely overlaps or influences other on-going projects. Information on this process is given on the registry home-page (http://www.ucr.uu.se/soreg/).
Already at the outset, SOReg was designed to be a database also for add-on research projects, providing basic demographic and comorbidity data. Generating new knowledge was considered to be one of the main goals of the SOReg, and the steering committee has actively encouraged such endeavors. SOReg has several ethics committee approvals of its own.
Data Output and Result Downloading
Several standardized reports can be downloaded by participating centers. These reports encompass both the effects on weight, calculated in several different ways, on comorbidity resolution and on complication. The individual department is highlighted against a background of all participating departments. Another way is to download in database format all patient data for one's own department. Here, filters can be applied to identify patients of interest. Complications are accounted and classified for severity using the ClavienDindo system. This means that reoperations/ICU care are covered under that heading.
Revision surgery is a factor in case-mix assessment. It is defined as an elective procedure performed due to shortcomings of the index operation. Revision surgery is further subdivided into modification of the original operation, such as lengthening of the alimentary limb or as changing the fundamental principle, such as when converting a band to a GBP. Any department can download their own data for revisional operations using the built-in filters of the database.
Discussion
The introduction of a quality registry is justified when new technology is introduced, as well as when an existing method is increasingly used in several types of clinical settings. Obesity surgery corresponds well to both indications, and this is reflected in the fact that registries have been created within several professional networks. Many scientific reports have been based on registry data but have been flawed by being sample-based and often represent data from a particular type of hospital or from a specialist center. SOReg was introduced to overcome these difficulties, as well as be independent of commercial interests in that it is wholly financed by tax money.
Norway with a health system with great similarities to the Swedish has joined in spring 2014, and after a pilot period, all bariatric surgery units of the country is expected to start to use SOReg from January 2015. The Michigan collaborative covers 95 % of bariatric surgery in the state and adds annually some 6500 new cases. This large registry has been used for scientific purposes [4] [5] [6] . The Bariatric Outcomes Longitudinal Database (BOLD) is another large database [7] . However, participation in these projects is voluntary and reflects mainly the production from centers of excellence, thus not necessarily reflecting the true panorama of outcomes. Registries can be based on a sample of patients from a given number of hospitals. The statistical analyses then apply to the population that these hospitals serve. However, such a sample based on select hospitals cannot predict accurately outside that population for several reasons. The most important may be that patient selection can vary between hospitals, that patients' disease patterns vary between catchment areas, and that specialization of the hospital and its operative volumes are known to influence both complication rates and outcome. If, however, all hospitals can be included such as in SOReg, i.e., no selection bias, statistical validity improves greatly.
The American Society of Metabolic and Bariatric Surgery (ASMBS) [8] , The United Kingdom National Bariatric Surgery Registry [9] , and the Veterans administration [10] also have data on medium to large number of patients. These series have either a low coverage, a short follow-up (FU) time, or a low FU rate, even for an important variable such as mortality.
An on-going attempt at building a registry in AustraliaNew Zealand is expected to cover 95 % of all bariatric surgery. This registry is very much like the design we have used, trying to achieve a full coverage on a national basis, and employing basically the same variables. Several countries are currently planning to start national registers, and IFSO is trying to start a global registry. The first results were given at the 2014 IFSO meeting. Their challenge is to reach full completeness, full accessibility, and a measured high validity of data quality, much in the manner that SOReg has achieved.
Several single-center registries existed in a similar way in Sweden since the late 1980s. Follow-up rates were high, and mortality rates could be ascertained by using the national death registry. The coverage was, however, only about 50 % of the volume of bariatric surgery produced. Gray [11] has recently described the development of clinical registries as development tools and stresses the importance of coverage and FU rates.
SOReg also makes detailed comparisons of complication patterns between different hospitals, and these data are presented on the Web site (http://www.ucr.uu.se/soreg/index.php/ arsrapporter). Taken in conjunction with the data on differing operative activity (Tables S1-S2) , department heads have thus been given a powerful tool in negotiations on how tax money is spent.
Also, quality surveillance seems to benefit from the registry. Both weight loss data, resolution of comorbidities, as well as complication rates have been regularly downloaded from the SOReg server about thirty times per year per participating department. These comparisons should yield more information than just a single center examining its own data.
In conclusion, the SOReg is presently the world's most comprehensive registry on bariatric surgery. It is also a cohort study, rather than a sample. Several research projects in Sweden are facilitated by using SOReg data for the basic variables. Registry data themselves have given rise not only to the annual reports, but also to scientific reports, as yet mostly on complication outcomes [12] [13] [14] [15] . Using several different ethics approvals, other studies are in progress.
The gold standard for clinical research has always been the randomized control trial (RCT). The question of whether data from clinical registries are valid was discussed in two articles in NEJM. Concato et al. [16] found that the results of welldesigned observational studies, with either a cohort or a casecontrol design, do not systematically overestimate the magnitude of the effects of treatment as compared with those in randomized, controlled trials on the same topic. Benson and Harts [17] concluded in their article that there seems to be no data to indicate that estimates of treatment effects differ between RCTs and registry-based research. Clinical research using large registries has indeed been shown to be fruitful. SC Chung and coworkers [18] analyzed >500,000 cases of myocardial infarction and their management. After case mix standardization, they found differences with a lower mortality rate in Sweden than in the UK and could identify the two factors that differed. Bhatt et al. [19] compared registry and RCT patients in another cardiology study and found registry data to be clinically useful. Orthopedic surgery has been on the forefront of using registries for scientific studies; an overview is found in Warwick et al. [20] .
Registers can be used to run large RCTs, and SOReg has been used for such purpose in the Swedish study on closure or nonclosure of mesenteric defects in laparoscopic gastric bypass surgery. Here, 2500 patients were included within 15 months. The Swedish way of using registries has been positively received [21] .
The data quality of the SOReg registry is facilitated by several factors. One is the fact that central registries of deaths and of in-hospital care can be cross-matched with SOReg. Another is the fact that all 44 departments of surgery performing bariatric surgery in Sweden are involved in this cohort study, making coverage and data auditing better.
The report from the recent NIH symposium [22] concludes that carefully designed observational studies are the most likely way of understanding outcomes from bariatric surgery. SOReg meets these criteria. At present 6834/43,424 (15.7 %) patients have been followed up for 5 years or more. Over the next few years, there will be a rapid rise in the number of patients followed up intermediate and long-term, since the rise in operative activity in Sweden started in 2010. Several interesting studies can then be based on this large cohort material, and new insight gained into the pros and cons of obesity surgery.
